A previous report of the Programa de Estudio y Tratamiento de las Hemopatías
Introduction
The outcome of patients with acute promyelocytic leukemia (APL) has dramatically improved with the combination of all-trans retinoic acid (ATRA) and anthracycline-based chemotherapy, which has been adopted as the standard treatment for APL. 1 Using this combination, the cooperative group Programa de Estudio y Tratamiento de las Hemopatías Malignas (PETHEMA) reported that a risk-adapted strategy combining ATRA with anthracycline monochemotherapy for both induction and consolidation, followed by maintenance with ATRA and low-dose methotrexate and mercaptopurine (LPA99 trial), results in a higher antileukemic efficacy than in the previous LPA96 trial. 2 In this study, the improvement of the antileukemic efficacy was attributed to the novel addition of ATRA to consolidation therapy, combined with a moderate increase in the dose of anthracycline for patients with intermediate or high risk of relapse. 3 This benefit was coupled with a moderate toxicity and a high degree of compliance.
To know if the advantage provided by a risk-adapted strategy including ATRA in consolidation therapy for intermediate-and high-risk APL patients is maintained long term, we have now performed an updated analysis of a significantly enlarged cohort of patients treated with the LPA99 protocol with more than 5-year median follow-up. The long-term outcome in these patients was compared with those treated with the LPA96 trial.
Methods
The eligibility criteria in this study were a diagnosis of de novo APL with demonstration of the t(15;17) or PML/RARA rearrangement, normal hepatic and renal function, no cardiac contraindication to anthracyclines, and Eastern Cooperative Oncology Group (ECOG) performance status less than 4. Informed consent was obtained from all patients. In accordance with the Declaration of Helsinki, the protocols were approved by the Research Ethics Board of each participating hospital.
Details of laboratory studies for diagnosis, assessment of response, and molecular monitoring of minimal residual disease, as well as a complete description of the therapeutic management, are given elsewhere. 2, 4 Briefly, induction therapy consisted of oral ATRA 45 mg/m 2 per day until morphologic complete remission (CR) and intravenous idarubicin 12 mg/m 2 on days 2, 4, 6, and 8. The idarubicin on day 8 was omitted for patients older than 70 years in the LPA99 protocol. For patients 20 years of age or younger, the ATRA dose was adjusted to 25 mg/m 2 For personal use only. on October 3, 2017 . by guest www.bloodjournal.org From 3 monthly risk-adapted consolidation courses. In the LPA96 protocol, the first course consisted of idarubicin (5 mg/m 2 per day for 4 days), the second of mitoxantrone (10 mg/m 2 per day for 5 days), and the third of idarubicin (12 mg/m 2 per day for 1 day). From November 1, 1999 (LPA99 trial) , intermediate-and high-risk patients, as previously defined, 3 received ATRA (45 mg/m 2 per day for 15 days) combined with the reinforced single-agent chemotherapy courses. 2 This reinforcement consisted of increasing the idarubicin dose in the first course to 7 mg/m 2 per day and of administering idarubicin for 2 consecutive days instead of 1 in the third course. Patients who tested negative for PML/RARA at the end of consolidation were started on maintenance therapy with oral mercaptopurine (50 mg/m 2 per day), intramuscular methotrexate (15 mg/m 2 per week), and oral ATRA (45 mg/ m 2 per day for 15 days every 3 months) over 2 years.
Unadjusted time-to-event analyses were performed using the KaplanMeier estimate 5 and, for comparisons, log-rank tests. 6 The probability of relapse was also estimated by the cumulative incidence method (for marginal probability). 7, 8 For all estimates in which the event "relapse" was considered as an end point, hematologic and molecular relapse, as well as molecular persistence (PML/RARA positive by reverse-transcribedpolymerase chain reaction (RT-PCR) at the end of consolidation), were each considered as uncensored events. Patient follow-up was updated on April 15, 2008. Median follow-up of patients is 68 months (range, 34-104 months) from diagnosis. Multivariate analysis was performed using the Cox proportional hazards model. 9
Results and discussion
Between November 1996 and June 2005, 792 patients with APL enrolled in 2 consecutive trials (LPA96 and LPA99) were registered from 82 institutions from Spain, The Netherlands, Belgium, Argentina, Uruguay, and the Czech Republic (see Appendix). Details about noneligible, nonevaluable, and evaluable patients have been reported elsewhere. 10 Briefly, a total of 42 patients (5%) were not eligible because of a severe clinical condition contraindicating the administration of chemotherapy: 8 (4%) and 34 (6%) in the LPA96 and LPA99 trial, respectively. Eighteen additional patients were not evaluated because of protocol violations during induction therapy (8 of 181 and 10 of 570 in the LPA96 and LPA99 trials, respectively). The major clinical and biologic characteristics of the remaining 732 evaluable patients, the percentage and timing of response to induction therapy, and prognostic factors of the For personal use only. on October 3, 2017. by guest www.bloodjournal.org From major categories of induction failure have all been previously described. 10 An interim analysis of the postremission outcome of 384 of these patients (updated on April 15, 2003) was reported in 2004. 2 This study showed a reduction in the cumulative incidence of relapse (CIR), disease-free survival (DFS), and overall survival (OS), with no significant increase of severe toxicity, for patients treated with the LPA99 protocol (227 patients) compared with the LPA96 (157 patients). In the present study, we have performed an updated analysis of a considerably enlarged cohort of 560 patients treated under the LPA99 trial with a more mature median follow-up of 68 months (21 months in the previous analysis). The clinical and hematologic characteristics of these patients are shown in Table 1 .
Except for one 81-year-old patient, who died from volvulus before starting consolidation, and another 42-year-old patient, who developed severe cardiac toxicity during induction and was given directly maintenance therapy, all the remaining 508 patients who achieved CR proceeded to consolidation therapy. Because of the occurrence of severe complications, 7 patients received only 1 or 2 consolidation courses (2 and 5 patients, respectively). After a median follow-up of almost 5.5 years, all these patients with incomplete consolidation and the one not receiving consolidation continue in first CR. These observations may suggest that at least some APL patients receiving what is currently considered a state-of-the-art treatment (ie, up-front ATRA and intensive chemotherapy) may actually be overtreated. An accurate identification of this particular population of patients who could be cured with reduced chemotherapy intensity is a challenge that warrants further investigation. Seven toxic deaths occurred during consolidation, and 6 additional patients died after consolidation (3 on maintenance therapy and 3 off therapy). The total rate of death in remission was 2.3%. Probability of death correlated with age: 0.9% (4 of 428), 5.4% (3 of 56), and 23.1% (6 of 26) of patients younger than 60, between 60 and 70, and older than 70 years of age, respectively (P Ͻ .001). All patients alive after completing consolidation therapy proceeded to receive maintenance therapy.
RT-PCR tests for PML/RARA were carried out in 448 cases at the end of consolidation, with only 3 high-risk patients being PCR-positive at this time. These data compare favorably with the LPA96 trial (P ϭ .028), in which 5 of 138 evaluable patients (4 of 44 high-risk and 1 of 97 intermediate-risk patients) showed molecular persistence at the end of consolidation. 2 As in previous reports of the PETHEMA trials, 2, 4 the molecular status at the end of induction has no predictive value on patient outcome, being the 5-year CIR 11% and 12% in patients testing PCR-positive (49%) and PCR-negative (51%), respectively.
In addition to the 3 cases of molecular disease persistence, 52 patients relapsed (13 molecular and 39 clinical relapse), including 6 isolated in central nervous system. The median time to relapse was 16 months (range, 5-74 months), with only 2 relapses occurring beyond 45 months. Nine additional patients died after developing other malignancies (6 acute myeloid leukemia/ myelodysplastic syndrome, 1 acute lymphoblastic leukemia, 1 lung cancer, and 1 pancreatic cancer). The median interval from diagnosis of APL to that of therapy-related acute myeloid leukemia/ myelodysplastic syndrome was 41 months (range, 16-54 months).
The overall 5-year CIR, DFS, and OS rates of patients under the LPA99 protocol were 11%, 84%, and 82%, respectively. These results compare favorably with those obtained in the previous LPA96 study ( Figure 1A ). When we exclude the low-risk patients to better evaluate the impact of risk-adapted consolidation, the 5-year CIR, DFS, and OS rates were 21%, 75%, and 75%, respectively, in the LPA96 study and 13%, 83%, and 81%, respectively, in the LPA99 study. Univariate analysis of CIR, DFS, and OS is shown in Table 1 . Relapse-risk score and male gender were identified in multivariate analysis as the only independent adverse factors for relapse-free survival in the LPA99 trial (P Ͻ .001 and P ϭ .003, respectively). Despite the improved outcome of non-low-risk patients treated with the modified consolidation, the originally defined risk score 3 maintained its predictive value ( Figure 1B) . The relationship between male sex and increased risk of relapse, which has been widely recognized in children with acute lymphoblastic leukemia, 11, 12 has been previously reported in an independent series of 806 APL patients included in 3 multicenter trials of the European APL Group (APL91, APL93) and PETHEMA Group (LPA96). 13 The significance of this finding is at present unclear and deserves further investigation.
In conclusion, the antileukemic benefit previously reported with the reinforcement of idarubicin and the addition of ATRA to consolidation therapy 2 has been confirmed in a significantly enlarged series of APL patients with longer follow-up. Although we cannot discern the relative contribution to this benefit by the addition of ATRA, as it has been established for induction and maintenance therapy, it is reasonable that the safe combination of this agent with chemotherapy may also apply to the consolidation phase. Risk-adapted strategies focusing on patients with high risk of relapse should be a major focus of future studies.
